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We propose a new method to extract the value of |Vtd/Vts| from the ratio of the
decay distributions dBr
ds
[B → Xdl
+l−] and dBr
ds
[B → Xsl+l− ].
1 A new method to extract Vtd/Vts
The determination of the elements of CKMmatrix is one of the most important
issues in the quark flavor physics. In this talk, we study specifically Vtd/Vts.
In the Standard Model with the unitarity of CKM matrix, Vts is approximated
by −Vcb which is directly measured by semileptonic B decays. The unknown
element |Vtd| can be extracted through Bd − B¯d mixing. However, in Bd − B¯d
mixing the uncertainty of the hadronic matrix elements prevents us to extract
the element of CKM with good accuracy. In this letter, we propose another
method to determine |Vtd/Vts| with the decay distributions dBds [B → Xsl+l− ]
and dBds [B → Xdl+l−], where s is invariant mass-squared of l+l−. The idea
stems from the fact that in the decays B → Xql+l− (q = d, s), the short dis-
tance (SD) contribution comes from the top quark loop diagrams and the long
distance (LD) contribution comes from the decay chains due to charmonium
states. The former amplitude is proportional to Vtq
∗Vtb and the latter propor-
tional to Vcq
∗Vcb. If the invariant mass squared of l
+l− is away from the peaks
of the charmonium resonances (J/ψ and ψ′), the SD contribution is dominant,
while on the peaks of the resonances the LD contribution is dominant1.
In SU(3) limit md = ms, the ratio of the distributions
dR
ds
≡ dBds [B → Xdl+l−]/ dBds [B → Xsl+l− ] (1)
aTalk is presented by T. Morozumi at BCONF97.
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becomes |VtdVts |2, if s is away from the peak of resonance J/ψ. On the peak, the
ratio becomes |VcdVcs |2 = λ2, where λ is Cabibbo angle, sinθc. In the intermediate
region, there is characteristic interference between the LD contribution and
the SD contribution, which requires the detailed study of the distributions. To
summarize our prediction in the SU(3) limit:
1
λ2
dR(s)
ds
→ (1− ρ)2 + η2 (s→ 1GeV2),
→ 1 (s→ m
J/ψ
2). (2)
In the following, we present the explicit formulae for the distribution as well
as the numerical results for the ratio.
2 The differential decay rates and the ratio
Following the notation of Ref. [2], the amplitude of b→ ql+l− (q = d, s) can
be written as3
M(b→ ql+l− ) = GF α√
2pi
V ∗tqVtb
[(
Ceff9q − C10
)
(q¯ γµ L b)
(
l¯ γµ L l
)
+
(
Ceff9q + C10
)
(q¯ γµ L b)
(
l¯ γµR l
)
−2Ceff7
(
q¯ i σµν
qν
q2
(mqL+mbR) b
)(
l¯ γµ l
)]
(3)
where Ceff9q is given by,
Ceff9q (sˆ) ≡ C9
{
1 +
αs(µ)
pi
ω(sˆ)
}
+ YSD
q(sˆ) + YLD
q(sˆ), (4)
and qν is the sum of the four momentum of l+l−, s = q2 and sˆ = s/mb
2. The
function YSD
q(sˆ) is the one-loop matrix element of O9, and YLD
q(sˆ) is the LD
contributions due to the vector mesons J/ψ, ψ′ and higher resonances. The
function ω(sˆ) represents the O(αs) correction from the one-gluon exchange in
the matrix element of O9. The function YSD
q can be found in the literature3,
which is written as
YLD
q(sˆ) =
3
α2
κ
(
−V
∗
cqVcb
V ∗tqVtb
C(0) − V
∗
uqVub
V ∗tqVtb
(3C3 + C4 + 3C5 + C6)
)
×
∑
Vi=ψ(1s),...,ψ(6s)
pi Γ(Vi → l+l−)MVi
MVi
2 − sˆ mb2 − iMViΓVi
. (5)
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In Eq. (5), C(0) ≃ 3C(0)1 +C(0)2 ≃ 0.38(0.12) while 3C(0)3 +C(0)4 +3C(0)5 +C(0)6 ≃
−0.0014(−0.0035) for µ = 5GeV (2.5GeV ). Therefore the second term in
YLD can be neglected. The parameter κ is introduced so that the correct
value for the branching fraction of the decay chain B → XqJ/ψ → Xql+l−
is reproduced. We choose κC(0) = 0.88. The differential decay rate for
the inclusive semileptonic decay has been calculated for B → Xsl+l− includ-
ing the ΛQCD
2/mb
2 power corrections. The result can be translated into
B → Xql+l− .
dB
dsˆ
= 2
|V ∗tqVtb|2
|Vcb|2
B0
{[
2
3
uˆ(sˆ, mˆq)((1 − mˆ2q)2 + sˆ(1 + mˆ2q)− 2sˆ2)
+
1
3
(1− 4mˆ2q + 6mˆ4q − 4mˆ6q + mˆ8q − sˆ+ mˆ2q sˆ+ mˆ4q sˆ− mˆ6q sˆ
−3sˆ2 − 2mˆ2qsˆ2 − 3mˆ4q sˆ2 + 5sˆ3 + 5mˆ2q sˆ3 − 2sˆ4)
λˆ1
uˆ(sˆ, mˆq)
+
(
1− 8mˆ2q + 18mˆ4q − 16mˆ6q + 5mˆ8q − sˆ− 3mˆ2q sˆ+ 9mˆ4q sˆ− 5mˆ6q sˆ− 15sˆ2
−18mˆ2qsˆ2 − 15mˆ4qsˆ2 + 25sˆ3 + 25mˆ2qsˆ3 − 10sˆ4
) λˆ2
uˆ(sˆ, mˆq)
](
|Ceff9 |2 + |C10|2
)
+
[
8
3
uˆ(sˆ, mˆq)(2(1 + mˆ
2
q)(1 − mˆ2q)2 − (1 + 14mˆ2q + mˆ4q)sˆ− (1 + mˆ2q)sˆ2)
+
4
3
(2− 6mˆ2q + 4mˆ4q + 4mˆ6q − 6mˆ8q + 2mˆ10q
−5sˆ− 12mˆ2qsˆ+ 34mˆ4qsˆ− 12mˆ6qsˆ− 5mˆ8q sˆ+ 3sˆ2
+29mˆ2qsˆ
2 + 29mˆ4q sˆ
2 + 3mˆ6q sˆ
2 + sˆ3 − 10mˆ2qsˆ3 + mˆ4q sˆ3 − sˆ4 − mˆ2q sˆ4)
λˆ1
uˆ(sˆ, mˆq)
+4
(−6 + 2mˆ2q + 20mˆ4q − 12mˆ6q − 14mˆ8q + 10mˆ10q + 3sˆ+ 16mˆ2qsˆ+ 62mˆ4qsˆ
−56mˆ6qsˆ− 25mˆ8qsˆ+ 3sˆ2 + 73mˆ2qsˆ2 + 101mˆ4qsˆ2 + 15mˆ6qsˆ2 + 5sˆ3 − 26mˆ2qsˆ3 +
5mˆ4q sˆ
3 − 5sˆ4 − 5mˆ2q sˆ4
) λˆ2
uˆ(sˆ, mˆq)
]
|Ceff7 |2
sˆ
+
[
8uˆ(sˆ, mˆq)
(
(1− mˆ2q)2
−(1 + mˆ2q)sˆ
)
+ 4(1− 2mˆ2q + mˆ4q − sˆ− mˆ2q sˆ) uˆ(sˆ, mˆq) λˆ1
+4
(−5 + 30mˆ4q − 40mˆ6q + 15mˆ8q − sˆ+ 21mˆ2qsˆ+ 25mˆ4q sˆ− 45mˆ6qsˆ+ 13sˆ2
+22mˆ2qsˆ
2 + 45mˆ4qsˆ
2 − 7sˆ3 − 15mˆ2qsˆ3
) λˆ2
uˆ(sˆ, mˆq)
]
Re(Ceff9 )C
eff
7
}
. (6)
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In the above expression, the branching ratio is normalized by Bsl for decays
B → (Xc, Xu)lνl. We separately write a combination of the CKM factor
|V ∗tqVtb|
2
|Vcb|
2 due to top quark loop from the normalization factor B0. The normal-
ization constant B0 is
B0 ≡ Bsl 3α
2
16pi2
1
f(mˆc)κ(mˆc)
, (7)
where f ≃ 0.54 is a phase space factor, and κ(mˆc) ≃ 0.85 includes O(αs) QCD
correction and 1/m2b corrections. The differential decay rate is not a simple
parton model result. It contains non-perturbative 1/mb
2 power corrections
and are denoted by the terms proportional to λˆ1 ≃ −0.0087 and λˆ2 ≃ 0.0052.
Because of the smallness of these parameters, the correction is small compared
with the leading parton model result for the region of s << (mb − mq)2,
(q = d, s).
3 Numerical Results and Summary
From the present experimental value of ∆Md = 0.474± 0.031(ps−1), and from
the analysis on B → Xulν¯, we obtain the limits on (1−ρ)2+η2 and
√
ρ2 + η2:
(1− ρ)2 + η2 = 0.85(1± 0.15)
{
0.2/(BB
1/2FB(GeV))
}2
= [0.59± 0.09, 1.3± 0.20]√
ρ2 + η2 = 0.36± 0.09, (8)
where we use the following values, ηQCD = 0.55, mt = 175(GeV ) Aλ
2 =
0.041(±0.003) and λ = 0.2205, FB = 0.2 ± 0.04. Within the limits, we show
how 1λ2
dR
ds depends on (1 − ρ)2 + η2 and φ1 = arg(−
VcdV
∗
cb
VtdV ∗tb
).
In Fig.1, we show the ratio 1λ2
dR(s)
ds for two sets of values for (φ1, (1 −
ρ)2 + η2), one of which (1 − ρ)2 + η2 is minimum and the other is maximum.
The ratios for the CP conjugate process B¯ → X¯ql+l− are also shown. To
summarize the numerical results:
• The ratio at low invariant mass region ≃ 1(GeV 2) is very near to the
value of (1− ρ)2 + η2, while on the peak of the resonance J/ψ, the ratio
is almost 1. The value at low invariant mass region does not depend so
much on whether the decaying particles are B or B¯.
• For more details on this work, please see Ref. [4].
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Figure 1: The ratio 1
λ2
dR(s)
ds
versus s (GeV2) with two different values of (1−ρ)2+η2. The
solid curve corresponds to (φ1, (1− ρ)2 + η2) = (20, 0.59), and the boxed curve corresponds
to (20, 1.33). The ratio for CP conjugate process B¯ → X¯ql+l− is denoted by the crossed
curve for (1 − ρ)2 + η2 = 1.33, and by the dotted curve for (1− ρ)2 + η2 = 0.59.
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